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Background: Canine leishmaniosis caused by Leishmania infantum is a parasitic zoonotic disease transmitted by
phlebotomine sandflies (Diptera: Psychodidae). Genus Phlebotomus is the biological vector in the Old World and
Lutzomyia in the New World. The dog is the domestic reservoir host but other animals like the fox (Vulpes vulpes)
and rodents are known to maintain the infection in both sylvatic and domestic cycles.
Methods: To identify the role of synanthropic rodents Mus musculus and Rattus norvegicus as reservoir hosts for
Leishmania infantum natural infection, 30 rodents were captured under a trap rodent control program in two
private dog shelters from Sintra and Sesimbra, located in the Lisbon Metropolitan Area, known to be endemic for
canine leishmaniosis in Portugal. Tissue samples were screened for the presence of Leishmania amastigotes by
qPCR and parasitological analysis.
Results: A total of 33.3% (9/27) of Mus musculus rodents revealed the presence of Leishmania spp. DNA while
29.6% (8/27) were positive in the parasitological analysis. Concerning Rattus norvegicus (n=3), one animal revealed
infection only by parasitological analysis.
Conclusions: Our results identified for the first time in Portugal the presence of Leishmania infection in both
rodent species. As susceptible hosts, infected Mus musculus and Rattus norvegicus may increase the risk for dog and
human infection in households and surrounding areas, enhancing the need for efficient rodent control measures in
shelters and risk zones to prevent transmission of the infection.
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In Europe, visceral zoonotic leishmaniosis is a protozoan
disease caused by Leishmania infantum. The parasite is
transmitted by female infected sandflies from the genus
Phlebotomus during feeding. The domestic dog is the
main reservoir host for Leishmania infantum but other
reservoirs are known, such as wild carnivores and ro-
dents [1-3]. In Portugal, canine leishmaniosis is an en-
demic disease with an infection rate of 6.31% obtained
during a serological survey performed in 3.974 dogs
from veterinary clinics in Mainland Portugal [4]. Re-
cently, the domestic cat has also been suggested as a* Correspondence: ifonseca@fmv.utl.pt
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reproduction in any medium, provided the orreservoir host and in Northern Portugal, a 2.8% sero-
prevalence was found in 316 domestic cats [5].
Man can be infected by Leishmania infantum, espe-
cially in cases of immunodeficiency caused by diseases
such as AIDS or other conditions [6]. In Portugal, be-
tween 2000 and 2009, 173 cases of human visceral
leishmaniosis were diagnosed. The emergence of 15 to
20 new cases is estimated yearly [7].
The disease is transmitted by Phlebotomus perniciosus
and Phlebotomus ariasi, both sandfly vectors reported in
Portugal [7]. Alternative ways of transmission such as
blood transfusion, vertical and venereal transmissions
have also been inferred [8].
The identification of natural hosts of Leishmania is fun-
damental to better understand the epidemiology of the
disease. Due to close proximity between rodents, dogs andl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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different Leishmania species have already been described
worldwide [3]. In Brazil, several authors reported infec-
ted rodents in natural conditions with Leishmania spp.
[9-11] and L. donovani complex, L. mexicana complex
and L. braziliensis complex [12]. The same occurred in
Venezuela with identification of L. donovani complex
[13,14] and Leishmania sp. [7]. In Mexico, Leishmania
spp. were reported [15]. In Italy, L. infantum, was identi-
fied [16], as well as in Cyprus [17] and Greece [18]. In
Iran, L. major, L. turanica, L. donovani, L. infantum, L.
major and L. gerbilli were also detected [19-23].
In Portugal, to our knowledge no data is available
concerning natural Leishmania infection in any rodent
species. The aim of this work was to investigate the role
of Mus musculus and Rattus norvegicus rodents as
natural reservoirs for Leishmania spp. in Sintra and
Sesimbra, both canine leishmaniosis endemic areas in
Central Portugal.Methods
The private dog shelters, located in two rural areas of
Sintra and Sesimbra (Central Portugal), were surrounded
by abundant vegetation and trees. The shelter from
Sintra, with 215 dogs under its care, was surrounded by
walls about three meters high. The kennels were built
with brick walls and tile ceilings. The shelter from
Sesimbra, with a population of 230 dogs, was sur-
rounded by grating two meters high and the ground was
covered with cement. The kennels were built with brick
walls and fiber cement ceilings, also with grating doors.
The prevalence of canine leishmaniosis was 2.3% (5/215)
and 5.2% (12/230), respectively (data not published).
Thirty rodents (27 Mus musculus and 3 Rattus
norvegicus) were collected between May and October
2011 under a trap rodent control program applied in each
private shelter. No ethical approval for animal trapping is
officially required since these rodents are considered pest
species. Dead specimens of Mus musculus collected from
Sesimbra and Rattus norvegicus collected from Sintra were
kept refrigerated for a maximum period of 6 hours be-
fore being transported to the Faculdade de Medicina
Veterinária - Universidade Técnica de Lisboa (FMV/UTL)
and processed by standard necropsy procedure.
The rodent’s genus and species were determined by ex-
ternal characteristics including color, body length and ear
lobes, tail, feet, teeth and cranium measurements [24].
For each rodent, liver and spleen fragments were
collected and stored in 10% formaldehyde and in
RNAlaterW. Imprint smears were performed from the
liver and spleen. Fragments of both ear lobes were col-
lected for RNAlaterW, along with tail lesions whenever
observed.Liver and spleen imprint smears were fixed with
methanol for 60 seconds, stained with 10% Giemsa for
60 seconds and observed under 1000× magnification in
an optical microscope.
Formaldehyde fixed tissues were later processed rou-
tinely for paraffin embedding, 3 μm sections were cut,
stained with hematoxylin and eosin and observed under an
optical microscope using a 400× and 1000× magnification.
Tissue samples from spleen, liver, tail and ear lobe,
were sliced in 10–20 mg fragments and processed for
total DNA extraction using DNeasy Blood & Tissue Kit W
(QIAGEN, Germany) following the manufacturer’s in-
structions. Detection of Leishmania spp. nucleic acid
was performed by real time PCR (qPCR) using the
Applied BiosystemsW 7300 Real-time thermocycler. A
set of primers and TaqManW probe were calculated by
the NCBI primer blast tool, available through http://
www.ncbi.nlm.nih.gov/tools/primer-blast/, based on the
Leishmania sp. small circle kinetoplast nucleotide se-
quence, generating a forward primer 5´-AGGTGTCGT
AAATTCTGGAA-3´, a reverse primer 3´-CGGGATTT
CTGCACCATT and a TaqmanW probe FAM 5´- AATT
CCAAACTTTTCTGGTCCTCCGGGTAG TAMRA – 3´,
spawning a 124 bp product.
The qPCR amplification was performed in a 20 μl
reaction volume with 2× TaqManW Gene Expression
Master Mix (Applied Biosystems), 3 μM of primer forward,
3 μM of primer reverse, 2.5 μM of TaqmanW probe and
50 ng of total DNA. Cycling conditions included an initial
denaturation step at 95°C for 10 minutes followed by 50
cycles at 95°C for 15 seconds and 60°C for 1 minute.
The assay specificity was confirmed by sequencing of
the amplicon after plasmid cloning (pGEMW, Promega),
according to the manufacturer´s instructions. To esti-
mate the parasitic load serial tenfold dilutions of the re-
combinant plasmid DNA were used to generate a
standard curve with a r2=0.997 and a slope of −3.6
to −3.4, with the 7300 System SDS softwareW (Applied
Biosystems), corresponding to a reaction efficiency of
90% - 100%.
The assay sensitivity surpassed the detection of 10 tar-
get copies. For parasitic load quantification, only samples
amplified within the Ct range of the standard curve were
considered.Results
External examination
In the external examination of the thirty rodents the
body condition was normal, according to the species pa-
rameters. Two rodents revealed eroded tail lesions. One
was detected in a Mus musculus and another in a Rattus
norvegicus. The lesions measured 4 mm and 8 mm of
diameter, respectively.
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Leishmania amastigotes (Figure 1) were detected in 8
Mus musculus (n=27); 2 animals were positive in both
the liver smear and in the spleen histological section; 2
animals were positive in both liver and spleen smears; 3
animals were positive in the spleen histological section
and 1 animal was positive in the liver smear. Concerning
Rattus norvegicus (n=3), one animal was positive in the
liver and in the spleen smears simultaneously.
All positive samples showed no more than three
amastigotes per microscopic field.
Molecular analysis
Leishmania kDNA was detected in 9 ear lobe skin sam-
ples from Mus musculus. The parasitic load ranged be-
tween the detection of residual values to 393 targeted
copies, indicative of low parasite burden, as already
detected in the parasitological analysis (Table 1).
The tail skin lesions were negative to Leishmania
kDNA, as were the liver and spleen samples from Mus
musculus and Rattus norvegicus.
Discussion
Despite the possible importance of the rodent´s role as
reservoir hosts for canine and human leishmaniosis, to
our knowledge, no previous studies on Leishmania in-
fection in any rodent species had been published in
Portugal.
Our results revealed the presence of Leishmania
amastigotes in eight Mus musculus and in one Rattus
norvegicus visceral sample. Despite Leishmania amas-
tigote detection in the liver and spleen, no positive
results were obtained by qPCR from these samples. Re-
garding nucleic acid detection, positive samples were
obtained from the skin but not from the liver and spleen
suggesting a cutaneous Leishmania infection. Consider-
ing the high sensitivity of the qPCR assay visceral nega-
tive results may be due to random selected fragments
for amplification and microscopic observation.Figure 1 Leishmania amastigotes (arrows) in liver smear (a) and spleeIn experimental studies, early dissemination of
Leishmania parasites occurs in the spleen [18]. In suscep-
tible mice, the spleen constitutes the organ where the
adaptive immune response to the parasite mainly takes
place. In this study, in spite of systemic dissemination be-
ing present on 6 rodent’s livers (on parasitological analysis)
and 8 rodent´s spleens (3 on parasitological analysis and
5 on histopathological analysis), no positive results were
obtained by qPCR on spleen samples. Similar PCR results
were also described by other authors working with
specimens of Mus musculus infected with Leishmania
major [23].
In the molecular assay, 9 ear lobe skin samples from
Mus musculus (n=27) were positive to Leishmania DNA.
Although no DNA sequencing was performed, the use of
a specific TaqmanW probe to Leishmania infantum in the
qPCR strongly suggests the detection of this species in our
samples. Furthermore, Leishmania infantum is known to
be the only Leishmania species causing zoonotic visce-
ral leishmaniosis in Portugal and in the Mediterranean
countries [25].
In our study, an infection rate of 33.3% (9/27) was found
in ear lobe skin of Mus musculus. This result is higher
than the ones obtained in Brazil with 13.7% (3/22) [10]
and Iran with 19% (4/21) [23]. This occurrence may have
an important epidemiological role on the transmission of
the parasite.
The identification of positive ear lobe skin samples in
our Mus musculus rodents indicates the parasite cutane-
ous availability to Phlebotomus species, allowing the in-
fection to spread during sandfly feeding, not only
between rodents but also to other hosts. In fact, in an
experimental study, using specimens of Rattus rattus
and Leishmania tropica, the ear lobe was suggested as a
preferential feeding spot for sandflies, probably due to
thinner skin, easy access and abundant blood flow. In
addition, the parasite DNA persisted in the ear lobe for
24 months post-inoculation and the ability to transmit
the infection to sandflies from month 1 to month 24n smear (b) of Mus musculus.
Table 1 Results obtained from molecular and parasitological analysis
Rodent species Rodent nº qPCR analysis (parasitic load) Parasitological analysis
Ear lobe Liver Spleen Liver smear Liver H.S. Spleen smear Spleen H.S.
Rattus norvegicus 1 N N N N N N N
2 N N N N N N N
3 N N N P N P N
Mus musculus 4 N N N P N P N
5 P (72) N N N N N P
6 P (50) N N N N N N
7 N N N N N N N
8 N N N P N N N
9 N N N N N N N
10 P (100) N N N N N P
11 N N N N N N N
12 N N N N N N N
13 P (393) N N N N N N
14 N N N N N N N
15 N N N N N N N
16 N N N N N N N
17 N N N P N N P
18 N N N N N N N
19 P (50) N N P N P N
20 N N N N N N N
21 N N N N N N N
22 N N N N N N N
23 N N N N N N N
24 P (resid) N N N N N N
25 N N N N N N N
26 N N N N N N N
27 P (resid) N N N N N P
28 N N N N N N N
29 P (resid) N N N N N N
30 P (resid) N N P N N P
Legend: P: Positive result; N: Negative result; H.S.: Histological section; resid: residual.
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site number in the blood was not assessed in this work,
considering that the parasite load ranged between 50 to
393 copies in 5 animals, it is safe to conclude that the
parasites were present in the skin in sufficient numbers
to infect sandflies. Unfortunately, in this work, it was
not possible to perform specific antibody titers to correl-
ate data with the obtained molecular results.
This work reports for the first time in Portugal, the natural
infection of Leishmania infantum in Mus musculus and
Rattus norvegicus, suggesting these animals probably have
a role as reservoirs in the Leishmania infantum life cycle.
Mus musculus and Rattus norvegicus are extremely pro-
lific animals, with a 12 and 24 months life expectancyrespectively, maintaining the parasite availability at least
for one year, even during low sandfly activity season. The
infection rate obtained by qPCR on Mus musculus ro-
dents (33.3%) strongly suggests the occurrence of contact
with infected sandflies, especially considering the preferen-
tial nightfall activity period overlap. Also, the absence of
skin lesions strongly suggests a non-pathogenic infection
course, as already described in Brazil [10,11] and in
Iran [22,23].
This study was performed in a peridomestic environ-
ment in two regions, with a canine leishmaniosis preva-
lence of 2.3% (5/215) in Sintra and 5.2% (12/230) in
Sesimbra. Mus musculus and Rattus norvegicus were
found to be naturally infected by Leishmania infantum
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cies are known to inhabit in close proximity to human
housing, especially where shelter and food are provided
like those found in Sesimbra and Sintra. This process of
domiciliation may be important in the urban and
periurban cycle of Leishmania infantum. Further studies
are necessary to evaluate the ability of these rodents to
effectively infect vector sandflies in order to establish
Mus musculus and Rattus norvegicus as reservoir hosts
for Leishmania infantum.
As susceptible hosts with a potential role in the epi-
demiology of this zoonotic disease, infected rodents may
increase the risk for dog and human infection in house-
holds and surrounding areas, enhancing the need for an
efficient rodent control measure in shelters and risk
zones to prevent the transmission.
Conclusions
This work reports for the first time in Portugal, the nat-
ural infection of Leishmania infantum in Mus musculus
and Rattus norvegicus, implicating these animals as pos-
sible reservoirs in the Leishmania infantum life cycle,
according to the established criteria by WHO [6]. As
susceptible hosts with a potential role in the epidemi-
ology of this zoonotic disease, infected rodents may
increase the risk for dog and human infection in house-
holds and surrounding areas, enhancing the need for ef-
ficient rodent control measures in shelters and risk
zones to prevent the transmission of infection.
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